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Novel water-insoluble polymers, which are degraded and solubilized 
by the action of specific proteolytic enzymes, were successfully synthe- 
sized from a-amino acid, 1,2-ethanediol, and adipic acid. 

Many research efforts have been directed toward the synthesis of biodegradable poly- 
mers for applications in medical fields such as controlled drug delivery formulations and 
implant materials. ^ Although almost all the polymers of this class are degraded by hy- 
drolysis not involving enzymatic catalysis, a few enzymatlcally degradable water-insoluble 
polymers have been synthesized by using a-amino acids'^ ^ and their analogues."^^ We de- 
scribe here the synthesis and enzymatic degradation of new polymers of this class compris- 
ing N-acyl-L-a-araino acid ester in their repeating backbone. In designing the polymers, 
we took it into consideration that degradable polymers to be used in the medical fields 
must be nontoxic, and that their metabolites must also satisfy this criterion. 

It is well-known that the esters of N-acyl-L-a-amino acids are easily cleaved by the 
action of appropriate proteolytic enzymes. For example, trypsin hydrolyzes Na-benzoyl-L- 
arginine ethyl ester to afford Npt-benzoyl-L-arginine so effectively that the reaction is 
used to assay the activity of the enzyme. We therefore designed the degradable polymer 
whose main chain is composed of repeating hl-acyl -a-amino acids: 

R R 
-C-R ' -C-NH-CH-C-O-R " -0-C-CH-NH- 
0 0 0 0 

where R is a side chain of amino acids and R' and R'* are derived from dicarboxylic acid 
and diol components, respectively. To meet the requirements of low toxicity, adipic acid 
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(R'=C4Hq) and 1 , 2-ethanediol (R* *=C2H^) were employed here. 

Glycine, L- and D-leucine, and D~, and DL-phenylalanine were used as starting 
amino acids. At first, ester if ication by using Dane's enamine^"'^^ as an N-protecting 
group, was performed to give six monomers, which were isolated as the dibasic salts of 
toluene sulfonic acid (TsOH).^^ Polymerization with disuccinimidyl adipate^^ was then 
carried out in N,N-dimethylf orraamide (DMF) at room temperature to yield water-insoluble 
polymers. However, molecular weights for the obtained polymers could not be determined 
due to their insolubility in common organic solvents. Reaction scheme is summarized be- 
low, 

R CH3C0CH2C02CH3^ CH3 R BrCH2CH2Br 

H2N-CH-CO2H KOH/CH3OH ^ CH30C0CH=C-NH-CH-C02K DMF 

CHo R R CHo TSOH.H2O 

CH30COCH=C-NH-CH-C02CH2CH20CO-CH-NH-C=CHC02CH3 acetone 

0 0 
C||;:NOCO(CH2)4C02N p 
R R 0 i 



TsOH- H2N-CH-C02CH2CH20C0-CH-NH2- TsOH NEt 3/DMF 



4c(CHo )/ C-NH-CH-C-OCHnCHnO-C-CH-NHf ^ 
III ^ h II ^ ^ 11 J 

0 0 0 0 

We then carried out the degradation experiment of thus obtained polymers. The poly- 
mers were finely powdered and incubated at 30 ^'C with shaking either in the presence or in 
the absence of some common proteolytic enzymes under a buffered condition. After 12 h, 
the total amount of soluble organic carbon (TOG) in the buffer solution was measured. 
As shown in Table l,.the Gly-derived polymer was not degraded by any enzymes tested here, 
although it was degraded and solubilized to some extent even in the absence of enzymes. 
In contrast, the Phe-derived polymer was significantly degraded and solubilized by the 
action of chymotrypsin, which cleaves the C-terminal bond of aromatic amino acids in vari- 
ous peptides under physiological conditions. The Phe-polymer was also degraded by 
elastase, and the Leu-derived polymer underwent degradation by chymotrypsin to some ex- 
tent. In order to investigate whether thus observed degrading solubilization involves the 
normal catalytic action of an enzyme, the D-isomer of the Leu-derived polymer and the D- 
and DL-isomers of the Phe-polymer were examined by using chymotrypsin. As summarized in 
Table 2, the D-leucine- and D-phenylalanine-derived polymers did not undergo enzymatic 
solubilization at all, and it was further found that the DL-Phe-polymer was degraded and 
solubilized to a considerable extent. This clearly indicates that the degrading solubili- 
zation of the polymers has proceeded involving the normal catalytic site of chymotrypsin. 
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Chromatographic metabolite analysis showed that the Phe-derived polymer gave the 40% 
yield of the di(L-'phenylalanine)amide of adipic acid after incubation with chymotrypsin 



for 12 h, whereas no phenylalanine itself was detected 



14) 



This means that the solubili- 



zation of the polymer is not caused by an amide bond hydrolysis but by that of an ester, 
which in turn adds further proof to the degradation mechanism discussed above. 

Table 1. Hydrolysis of polymers by enzymes^^ Table 2. Effect of stereochemistry^^ 



Enzyme 



PH 



TOC formed /ppm 



Polymer from 



Polymer 
from 



TOC formed/ ppm 







Gly 


Leu 


Phe ( 


none)^^ 




Present 


Absent 


Pepsin^ ^ 


2.0 


152 


126 


97 


120 


Leu 


559 


17 


(none) 


2.0 


88 


14 


13 




D-Leu 


163 


15 


Trypsin 


7.6 


299 


199 


267 


161 


Phe 


1482 


19 


(none) 


7.6 


118 


15 


21 




DL-Phe 


944 


34 


Chymotrypsin 


7.8 


317 


559 


1482^) 


163 


D-Phe 


125 


19 


(none) 
Esterase*^ ^ 


7.8 


134 


17 


19 




(none) 


163 




8.0 


399 


198 


193 


193 








(none) 


8.0 


130 


17 


23 




a) For procedi 


Lire, see 


Ref. 11. 


Elastase 


8.8 


390 


300 


1341 


140 








(none) 


8.8 


204 


29 


22 











a) For testing procedure, see Ref. 11. b) The 

value is that of the enzyme used, c) Subtract^ 
ing the control (no enzyme) and blank values (no 
polymer) makes the concentration less than zero, 
which might indicate that these enzymes tend to 
become insolubilized by the incubation with the 
polymers, d) The value at 3 h, 637 ppm; 6h, 
1010 ppm; 9h. 1134 ppm. 
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